We built a catalog of 122 FR II radio galaxies, called FRIICAT, selected from a published sample obtained by combining observations from the NVSS, FIRST, and SDSS surveys. The catalog includes sources with redshift ≤ 0.15, an edge-brightened radio morphology, and those with at least one of the emission peaks located at radius r larger than 30 kpc from the center of the host. The radio luminosity at 1.4 GHz of the FRIICAT sources covers the range L 1.4 ∼ 10 39.5 − 10 42.5 erg s −1 . The FRIICAT catalog has 90% of low and 10% of high excitation galaxies (LEGs and HEGs), respectively. The properties of these two classes are significantly different. The FRIICAT LEGs are mostly luminous (−20 M r −24), red early-type galaxies with black hole masses in the range 10 8 M BH 10 9 M ⊙ ; they are essentially indistinguishable from the FR Is belonging to the FRICAT. The HEG FR IIs are associated with optically bluer and mid-IR redder hosts than the LEG FR IIs and to galaxies and black holes that are smaller, on average, by a factor ∼2. FR IIs have a factor ∼ 3 higher average radio luminosity than FR Is. Nonetheless, most (∼ 90 %) of the selected FR IIs have a radio power that is lower, by as much as a factor of ∼100, than the transition value between FR Is and FR IIs found in the 3C sample. The correspondence between the morphological classification of FR I and FR II and the separation in radio power disappears when including sources selected at low radio flux thresholds, which is in line with previous results. In conclusion, a radio source produced by a low power jet can be edge brightened or edge darkened, and the outcome is not related to differences in the optical properties of the host galaxy.
Introduction
introduced the first classification scheme for extragalactic radio sources with large-scale structures (i.e., greater than ∼15-20 kpc in size) based on the ratio R FR of the distance between the regions of highest surface brightness on opposite sides of the central host galaxy to the total extent of the source up to the lowest brightness contour in the radio images. Radio sources with R FR <0.5 were placed in Class I (i.e., the edge-darkened FR Is) and sources with R FR >0.5 in Class II (i.e., the edge-brightened FR IIs). This morphology-based classification scheme was found to be linked to their intrinsic power; Fanaroff and Riley found that all sources in their sample with luminosity at 178 MHz smaller than 2×10 25 W Hz −1 sr −1 (for a Hubble constant of 50 km s −1 Mpc −1 ) were classified as FR I while the brighter sources all were FR II. The luminosity distinction between FR classes is fairly sharp at 178 MHz; their separation is even cleaner in an optical-radio luminosity plane, implying that the FR I/FR II dichotomy depends on both optical and radio luminosity (Ledlow & Owen 1996) .
The two Fanaroff-Riley classes do not instead correspond to a division from the point of view of the optical spectroscopic properties of their hosts. Laing et al. (1994) defined low and high excitation galaxies (LEGs and HEGs) based on the ratios of the diagnostic optical emission lines in a scheme similar to that adopted to distinguish LINERs and Seyferts in radio quiet AGN (Kewley et al. 2006) . While all FR Is for which a reliable classification can be obtained are LEGs, both LEGs and HEGs are found among the FR IIs (e.g., Buttiglione et al. 2010) . Buttiglione et al. find that LEGs and HEGs also differ from other points of view. While LEGs do not show prominent broad lines, they are observed in ∼ 30% of HEGs; narrow emission lines are a factor ∼ 10 brighter in HEGs than in LEGs at the same radio luminosity. Also, HEGs show bluer colors than LEGs (Smolčić 2009 ). Baldi & Capetti (2008) identify compact knots in the UV images of 3C HEG radio galaxies, a morphological evidence of recent star formation extending over 5−20 kpc; conversely, LEGs hosts are usually red, passive galaxies. These results suggest that the radio galaxies belonging to the two spectroscopic classes correspond to different manifestation of the radio loud AGN phenomenon (Hardcastle et al. 2007; Buttiglione et al. 2010; Best & Heckman 2012) .
The recent multiwavelength large-area surveys are a unique tool to further explore the connection between the morphological and spectroscopic classes of radio galaxies, providing us with large samples of radio emitting AGN extending to lower luminosities than in previous studies.
In Capetti et al. (2017) we created a catalog of 219 edgedarkened FR I radio galaxies called FRICAT. We found that the FRICAT hosts are remarkably homogeneous, as they are all luminous red early-type galaxies (ETGs) with large black hole masses and spectroscopically classified as LEGs. All these properties are shared by the hosts of more powerful FR Is in the 3C sample. They do not show significant differences from the point of view of their colors with respect to the general population of massive ETGs. The presence of an active nucleus (and its level of activity) does not appear to affect the hosts of FR Is.
We now extend this study to the population of edgebrightened FR II radio galaxies with the main aim of comparing the properties of FR Is and FR IIs by also considering their spectroscopic classification. 1 This paper is organized as follows. In Sect. 2 we present the selection criteria of the sample of FR IIs. The radio and optical properties of the selected sources are presented in Sect. 3. Sect. 4 is devoted to results and conclusions.
Throughout the paper we adopt the same cosmology parameters used in Capetti et al. (2017) , i.e., H 0 = 67.8 km s −1 Mpc −1 , Ω M = 0.308, and Ω Λ = 0.692 (Planck Collaboration et al. 2016) .
For our numerical results, we use c.g.s. units unless stated otherwise. Spectral indices α are defined in the usual convention on the flux density, S ν ∝ ν −α . The SDSS magnitudes are in the AB system and are corrected for the Galactic extinction; WISE magnitudes are instead in the Vega system and are not corrected for extinction since, as shown by, for example, D 'Abrusco et al. (2014) , such correction affects mostly the magnitude at 3.4 µm of sources lying at low Galactic latitudes (and by less than ∼3%).
Sample selection
We searched for FR II radio galaxies in the sample of 18,286 radio sources built by Best & Heckman (2012;  hereafter the BH12 sample) by limiting our search to the subsample of objects in which, according to these authors, the radio emission is produced by an active nucleus. They cross-matched the optical spectroscopic catalogs produced by the group from the Max Planck Institute for Astrophysics and Johns Hopkins University (Brinchmann et al. 2004; Tremonti et al. 2004 ) based on data from the data release 7 of the Sloan Digital Sky Survey (DR7/SDSS; Abazajian et al. 2009 ), 1 with the National Radio Astronomy Observatory Very Large Array Sky Survey (NVSS; Condon et al. 1998 ) and the Faint Images of the Radio Sky at Twenty centimeters survey (FIRST; Becker et al. 1995; Helfand et al. 2015 ) adopting a radio flux density limit of 5 mJy in the NVSS. We focused on the sources with redshift z < 0.15. We adopted a purely morphological classification based on the radio structure shown by the FIRST images. We visually inspected the FIRST images of each source and preserved those with an edge brightened morphology in which at least one of the emission peaks lies at a distance of at least 30 kpc from the center of the optical host. The 30 kpc radius corresponds to 11.
′′ 4 for the farthest objects; the z < 0.15 redshift limit ensures that all the selected sources are well resolved with the 5 ′′ resolution of the FIRST images. The three authors performed this analysis independently and we included only the sources for which a FR II classification is proposed by at least two of us. We allowed for the presence of diffuse emission leading to X-, Z-, or C-shaped morphologies, but not extending at larger distances with respect to the emission peaks, thus excluding wide angle tail sources (Owen & Rudnick 1976) . Most of these sources are double, i.e., they do not show nuclear radio emission; the lack of this precise position reference requires a further check of the original optical identifications. We discarded three objects in which the identification of the host is not secure.
The resulting sample, to which we refer as FRIICAT, is formed by 122 FR IIs whose FIRST images are presented in the Appendix. Their main properties are presented in Table 1 , where we report the SDSS name, redshift, and NVSS 1.4 GHz flux density (from BH12). The [O III] line flux, the r-band SDSS AB magnitude, m r , the Dn(4000) index (see Section 3 for its definition), and the stellar velocity dispersion σ * are instead from the MPA-JHU DR7 release of spectrum measurements. The concentration index C r was obtained for each source directly from the 1 Available at http://www.mpa-garching.mpg.de/SDSS/.
SDSS database. For sake of clarity, uncertainties are not shown in the table; we estimated a median uncertainty of 0.09 on C r , of 0.03 on Dn(4000), of 0.005 magnitudes on m r , and of 10 km s −1 on σ * . We also list the resulting radio and line luminosity and the black hole masses estimated from the stellar velocity dispersion and the relation σ * − M BH of Tremaine et al. (2002) . The uncertainty in the M BH value is dominated by the spread of the relation used (rather than by the errors in the measurements of σ * ) resulting in an uncertainty of a factor ∼ 2. Finally, we give the classification (from BH12) into LEGs and HEGs based on the optical emission line ratios in their SDSS spectra.
FRIICAT hosts and radio properties

Hosts properties
The majority (107) of the selected FR IIs are classified as LEG, but there are also 14 HEG and just one source that cannot be classified spectroscopically because of the lack of emission lines, namely J1446+2142.
The distribution of absolute magnitude of the FRIICAT hosts covers the range −20 M r −24 (see Fig. 1 , left panel). The distribution of black hole masses ( The FR II HEGs are less luminous, overall, and harbor less massive black holes with respect to the FR II LEGs; the medians of their distributions are < M r (HEG) >= −21.97 ± 0.17, < M r (LEG) >= −22.62±0.06, < log M BH (HEG) >= 8.21±0.11, and < log M BH (LEG) >= 8.46 ± 0.04, respectively. The comparison between the FRIICAT LEG sources and the FRICAT hosts (< M r (FR I) >= −22.69 ± 0.03 and < log M BH (FR I) >= 8.55±0.02) indicates that only marginal differences (and not statistically significant) are present between the medians of these distributions.
The Dn(4000) spectroscopic index, defined according to Balogh et al. (1999) as the ratio between the flux density measured on the red side and blue side of the Ca II break, is an indicator of the presence of young stars or of nonstellar emission. Low redshift (z < 0.1) red galaxies have Dn(4000)= 1.98 ± 0.05, which is a value that decreases to = 1.95±0.05 for 0.1 < z < 0.15 galaxies (Capetti & Raiteri 2015) .
The concentration index C r , which is defined as the ratio of the radii including 90% and 50% of the light in the r band, can be used for a morphological classification of galaxies, in which early-type galaxies have higher values of C r than latetype galaxies. Two thresholds have been suggested to define ETGs: a more conservative value at C r 2.86 (Nakamura et al. 2003; Shen et al. 2003 ) and a more relaxed selection at C r 2.6 (Strateva et al. 2001; Kauffmann et al. 2003; Bell et al. 2003) . Bernardi et al. (2010) found that the second threshold of the concentration index corresponds to a mix of E+S0+Sa types, while the first mainly selects ellipticals galaxies, removing the majority of Sas, but also some Es and S0s.
In Fig. 2 we show the concentration index C r versus the Dn(4000) index (left panel) for the FRIICAT sources. More than ∼90% of the LEG FR II hosts lie in the region of high C r and Dn(4000) values, indicating that they are red ETGs. The HEG FR II are still ETGs, but they show generally lower values of Dn(4000).
We also consider the u−r color of the galaxies, obtained from SDSS imaging and thus referred to the whole galaxy rather than just the 3 ′′ circular region covered by the SDSS spectroscopic 2 aperture. In Fig. 2 (central panel) we show the u − r color versus the absolute r-band magnitude M r of the hosts. As already found by considering the Dn(4000) index, the FR II HEGs show bluer color than the FR II LEGs; in this latter class, only two sources have a u − r color that is smaller than the threshold separating red and blue ETGs (Schawinski et al. 2009 ). In Fig. 2 , right panel, we show the comparison of the WISE mid-IR colors of FRIICAT and FRICAT sources; the associations with the WISE catalog are computed by adopting a 3.
′′ 3 search radius (D'Abrusco et al. 2013 ). All but one of the (J1121+5344) FRIICAT sources have a WISE counterpart, but 25 of these sources are undetected in the W3 band. The LEG FR IIs have mid-IR colors similar to those of the FRICAT sources; their mid-IR emission is dominated by their host galaxies since they fall in the same region of elliptical galaxies (Wright et al. 2010) . Only five LEGs have W2 − W3 > 2.5, exceeding the highest value measured for FR Is.
Conversely, HEGs reach mid-IR colors as high as W2 − W3=4.3, colors similar to those of Seyfert and starburst galaxies (e.g., Stern et al. 2005) . Their red colors are likely due to a combination of star-forming regions and/or emission from hot dust within a circumnuclear dusty torus.
Overall, we found 10 LEG FR IIs whose properties do not conform with the general behavior of their class, for example, showing blue colors or being associated with small black holes. In some cases, this is due to relatively large errors particularly in the measurement of σ * , a possible uncertain identification of their spectroscopic class, or a substantial contribution from a bright nonthermal nucleus. However, there are three objects (namely J0755+5204, J1158+3006, and J1226+2538) for which we obtain estimates of the black hole mass of log M BH ∼ 6.5 − 6.8; based on their C r value these objects are late-type galaxies and two of them also show blue optical colors (and red mid-IR colors). These properties are all typical of radio quiet AGN. This contrasts with the observed radio power (log νL r ∼ 40.5 − 40.9) and morphology.
Radio properties
The radio luminosity at 1.4 GHz of the FRIICAT covers the range L 1.4 = ν r l r ∼ 10 39.5 − 10 42.5 erg s −1 (Fig. 3 , left panel), reaching a radio power almost two orders of magnitude lower than the FR IIs in the 3C sample. The HEGs are brighter than LEGs (with median of log L 1.4 = 41.37 and 40.76, respectively) and LEGs are brighter than the FRICAT sources by a factor ∼3; 90% of the FRIICAT fall below the separation between FR Is and FR IIs originally reported by Fanaroff & Riley (1974) which translates, with our adopted cosmology and by assuming a spectral index of 0.7 between 178 MHz and 1.4 GHz, into L 1.4 ∼ 10 41.6 erg s −1 . Similarly, we find that ∼75% of the FRIICAT sources (and including also four HEGs) are located below the dividing line in the optical-radio luminosity plane defined by Ledlow & Owen (1996) ; 2 see Fig. 3 , right panel. FR IIs show a large spread in both radio and [O III] line luminosities (see Fig. 4 ). In this plane, the FR II LEGs cover essentially the same region of the FR Is with just a tail toward higher power both in line and in radio; no correlation is seen between these two quantities. The FR II HEGs generally have higher ratios between L [O III] and L 1.4 than LEGs, which is an effect already found in the 3C sample . The HEGs in FRIICAT are mostly located above the correlation defined by the 3C HEGs. A linear fit including both samples is indeed shallower (with a slope of 0.91) than that obtained from the 3C sources alone (whose slope is 1.15).
Comparison with previous works
As discussed in Sect. 2, we decided to maintain the traditional morphological visual classification into edge-brightened FR IIs and edge-darkened FR Is rather than adopting quantitative methods such as those used by Lin et al. (2010) . The comparison of our classification with that proposed by these authors indicates that, among the 96 sources in common, ∼ 80% of the FRIICAT sources are classified as class a in their nomenclature, i.e., sources with two hot spots on either side of the galaxy. Most of the remaining objects fall in class b, in which the emission peak is coincident with the host galaxy; however, the inspection of these FR II radio sources does not show any clear distinguishing feature from those in the main class, other than having a relatively brighter central source in addition to the two lobes.
The main drawback of our scheme, based on the subjective visual inspection of radio images, is the relatively high fraction of sources of uncertain classification. The rather strict criteria adopted for a positive classification as FR I in Capetti et al. (2017) and here for the FR II enabled us to select only 219 FR Is and 122 FR II; more than half of the 714 radio galaxies extended more than 30 kpc cannot be allocated to any FR class. On the other hand, this strategy allows us to select samples that are very uniform from a morphological point of view and that are optimally suited for our main purpose, i.e., the comparison of the properties of the two classes.
More recently, Miraghaei & Best (2017) performed an analysis on the same initial sample, with an apparently similar selection strategy based on visual inspection. However, the resulting sample of both FR I and FR II differ significantly from those we obtained with only ∼ 25% of objects in common for both classes, even restricting the comparison to the same range of redshift, 0.03 < z < 0.15. This mismatch is likely due to the different requirements (based, e.g., on linear instead of angular sizes and different radio flux limits); most importantly they considered only sources corresponding to multicomponents objects in FIRST and this rejects most of the edge darkened sources we included in FRICAT. Overall, their results do not strongly differ from ours, probably because (leaving aside the HEGs) the properties of low z radio AGN are very homogeneous regardless of their radio morphology. However, for example, we do not find significative differences in the C r values between FRI and FRII hosts.
Discussion and conclusions
The properties of the FRIICAT sources differ between those spectroscopically identified as LEGs or HEGs. The HEGs have lower optical luminosities, smaller black hole masses, and higher radio luminosities with respect to LEGs, although a substantial overlap between the two classes exist for all these quantities. The clearest differences are related to the ratio between line and radio luminosities and to their colors; HEGs are bluer in the optical and redder in the mid-IR. These results confirm the conclusions of previous studies (e.g., Baldi & Capetti 2008; Buttiglione et al. 2010; Baldi & Capetti 2010; Best & Heckman 2012) .
The population of the LEG FR IIs included in the FRIICAT is remarkably uniform. They are all luminous red ETGs with Fanaroff & Riley (1974) . Right panel: radio luminosity (NVSS) vs. host absolute magnitude, M r , for FRIICAT and FRICAT (black and red, respectively; cyan for the HEG FR II). The dotted line shows the separation between FR I and FR II reported by Ledlow & Owen (1996) to which we applied a correction of 0.34 mag to account for the different magnitude definition and the color transformation between the SDSS and Cousin systems. large black hole masses (M BH 10 8 M ⊙ ); only ∼ 10% of the LEG FR IIs depart from this general description. All these properties are shared with the hosts of the FRICAT sources. The distributions of M BH and M r differ with a statistical significance higher than 95% according to the Kolmogoroff-Smirnov test; this is due to the presence of a tail of low M BH sources, reaching value as low as 3×10 6 M ⊙ . However, the median of M BH and M r differ only marginally by less than 0.1 dex. Even the median radio luminosity of LEG FR II is just a factor ∼3 higher than that measured in FR I. Apparently, the difference in radio morphology between edge-brightened and edge-darkened radio sources does not translate into a clear separation between the nuclear and host properties, while the spectroscopic classes, LEG and HEG, do.
The FRIICAT sample unveils a population of FR IIs of much lower radio power with respect to those obtained at high radio flux thresholds, extending it downward by two orders of magnitude. The correspondence of the morphological classification of FR I and FR II with a separation in radio power that is observed, for example, in the 3C sample, disappears. This conclusion is in line with previous results (Best 2009; Lin et al. 2010; Wing & Blanton 2011) . A radio source produced by a low power jet can be edge brightened or edge darkened and the outcome is not due to differences in the optical properties of the host galaxy.
Nonetheless, Capetti et al. (2017) find that the connection between radio morphology and host properties is preserved in FR Is; there is a well-defined threshold of radio power above which an edge darkened radio source does not form and this limit has a strong positive dependence on the host luminosity. This effect was originally seen by Ledlow & Owen (1996) but partly lost in subsequent studies; we believe that we recover it because of the stricter criteria we adopted for the selection of FR Is.
It can be envisaged that brighter galaxies are associated with denser and more extended hot coronae that are able to disrupt more powerful jets. But the large population of low power FR IIs indicates that the situation is more complex; there is a large overlap of radio power between FR Is and FR IIs and radio power is believed to be a robust proxy for the jet power (e.g., Willott et al. 1999; Bîrzan et al. 2004) . Apparently, jets of the same power expanding in similar galaxies can form both FR I and FR II. This indicates that the optical properties of the host and radio luminosity are not the only parameters driving the evolution of low power radio sources. Further studies of, for example, the X-rays properties and the larger scale environment are needed to clarify this issue. 
